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(54) Serial bus control apparatus 

(57) Conventional serial bus of IEEE 1394 can not 
manage a transmission barxiwidth and transmission 
channel for a future tinne. Therefore, it is not possible to 
make a reservation for recording from a STB to a VCR 
connected to the bus. The preserit invention makes it 
possible to perform a reservation management of the 
bus by defining and utilizing registers on CSR space for 
managing reservations of transmission barxlwldth and 
transmission channel from present time to a future time 

In order to achieve the objects, a serial bus control 
apparatus of the present invention Includes a means for 
providing a table for controlling a serial bus which has a 
function for securing a transmission bandwidth for the 
packet to the serial bLB. The table ia a reservation con- 
trol table at least indicating a reservation of a transmis- 
sion bandwklth cind a transmission channel which Is 
req^Lured from time T1 until time T2, the reservation con- 
trol table is stored and controlled on a first register 
assigned to an address space which is accessible for 
reading and writing from an arbitrary node on the serial 
bus. The serial bus control apparatus of the present 
invention preferably includes a first detection part to 
detect that the present time is the time Tl , the time T2, 
or the time between T1 and T2. Moreover, the serial bus 
control apparatus of the present invention preferably 
includes a rewriting part for rewriting a second register 
and a third register assigned to a particular address 
space for a particular node on the serial bus, which sec- 
ond register indicates the available transmission band- 
widtfi at present time and which third register indicates 
the utilization status of the transmission channel at 
present tima The particular nod n th serial bus is a 
node, which belongs t the serial bus corrtrol apparati^. 



arxi a node which includes the second register and the 
third register control apparatus of tiie present invention. 
The serial bus control apparatus of the present inven- 
tion preferably includes a register providing part for pro- 
viding a register Ibr reservation control table which talDle 
is accessible for reading and writing from an arbitrary 
node of an arbitrary bus of the N piece of serial buses 
having the same standard time. In accordance with the 
present invention, a reservation management for future 
time using a serial bus for securing the transmission 
bandwidth and transmission channel according to IEEE 
1 394 can be achieved, which is not possible with con- 
ventional technology. Moreover the serial bus control 
apparatus of this invention is conrpatible with conven- 
tional systems. 
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Description 

[0001] The present invention relates to a serial bus 
contrd apparatus for corrtrolling and performing a reser- 
vation of a transntission bandwidth and a transmission 
channel using the IEEE 1394 serial bus etc. 
10002] In rec&it years, two or more AVC equipment 
such as digital VCRs and personal computers are con- 
nected by using the ISO / lEC 13213 conforming serial 
bus such as IEEE 1394 serial buses, and a bandwidth 
secured transmission (isochronous transmission) of the 
video and the audio data is performed. 
[0003] Rgure 10 shows an example of the conven- 
tional method for perforating a dubbing by a serial bus 
control apparatus when two digital VCRs generally used 
are connected each other by the IEEE 1394 serial bus. 
The isochronous transmission which uses IEEE 1394 is 
described in detail in the standard book "IEEE Standard 
for a High Performance Serial BUS" of IEEE Startdard 
1394 - 1995. One example of the conventional serial 
bus control apparatus above mentioned is described 
with reference to the drawing. Rgure 10 shows the 
appeararK^e of the dubbing in a digital VCR where a 
conventional serial bus control apparatus is installed. As 
shown in Figure 10. 1 denotes a first digital VCR. 2 
denotes a second digital VCR. both VCRs are the 
nodes of the IEEE 1394 serial buses. 5 denotes the 
IEEE 1394 serial bus which connects both digital VCR 1 
and 2 each other. When both nodes are connected 
each other by using IEEE 1394, an identification 
number, which is called physical-ID. is automatically 
allotted to each node respectively. In this case, the allot- 
ted ID number for the node of the first digital VCR is 
physicalJD = 0 and the allotted ID number for the node 
of the second digital VCR is physicalJD = 1. Data for 
which real time processing is required, such as video 
data or auc£o data etc.. is transmitted in IEEE 1394 with 
a transmission system which secures the transmission 
band and the transmission channel, which is usually 
called isochronous transmission. 
[0004] Rgure 13 shows the appearance of the iso- 
chronous transmission. In the isochronous transmis- 
sion, a node which is called a cycle muster (hereinafter, 
referred to as CM) performs a broadcast transmission of 
a cycle start packet 1 1 to the entire bus at 1 25 psec 
cydes. 

[0005] When the broadcast transmission of the cyde 
start packet is peribrmed. the isochronous packet can 
be ready to transmit. At this time, a serial bus control 
apparatus which is called an isochronous resource 
manager (hereinafter, referred to as IRM) exists on the 
t>us. To performs the isochronous transmission, it is 
necessary to declare securing the isochronous 
resource by using a register for securing the bartdwidth 
(BANDWIDTH_AVAILABLE register) and a register for 
securing the channel (CHANNELS.AVAILABLE regis- 
ter) which IRM provides. 

[0006] Rgure 1 1 and Rgure 12 show the bit allotment 



of the BANDWIDTH_AVAILABLE register and the 
CHANNELS_AVAILABLE register respectively. These 
registers are allotted in the CSR space defined by ISO / 
[EC 13213 as a serial bus dependent regster. The 

5 BANDWIDTH_AVAILABLE register is a register of 32 
bits (corresponding to 1 quadlet) as shown in Rgure 11. 
the upper 19 bits are the reserved field, and lower 13 
bits (bw_remaining) have significance, bw_remaining 
shows the isochronous bandwidth which can be allo- 

ro cated at the present time, and the initial value is 
1001100110011b (conresponding to 4915d). TTie time 
to transmit and perform 1 quadlet with 1572.864 Mbps 
is defined as 1. and 125 ^sec corresponds to 6144d. 
The time which can t>e allotted for the isochronous 

75 transmission is about 1 00 ^sec, and it corresponds to a 
default value of 491 5d. ''b'* fixed to the end of the figure 
indicates that the figure is the binary number and "d" 
indicates that the figure is the dedmal number. It is nec- 
essary to rewrite the value of this register to start to per- 

20 form the isochronous transmission. For instance, if 10 
psec of 1 25 lisec is required to be allotted to the iso- 
chronous transmission. 10 iisec corresponds to 492d. 
therefore, bandwidth is secured by rewriting the value of 
the register bw_remaining as 4423d (10001010001 1 lb) 

25 (it is calculated as 491 5d - 492d => 4423d). 

[0007] Moreover, it is necessary to perform securing 
the transmission channel to perform the isochronous 
transmission. Securing the transmission diannel is per- 
formed by using the CHANNELS_AVAILABLE register 

30 shown in Rgure 12. This register is composed of 64 bits 
(corresponding to 2 quadlet), the upper 32 bits are 
defined as channels_availak)le_hi and the lower 32 bits 
are defined as channels_availableja The isochronous 
channel of IEEE 1394. 64 of the 0th channel to the 63rd 

35 channels in total is available. The initial value of the 
CHANNELS_AVAILABLE register is 

1111111111111111111111111111111111111111111 
111111111111111111111b. and it indicates that all 64 
channels are unused and available. For instance, in 

40 order to secure the first channel, the value of the 
CHANNELS.AVAILABLE register is rewritten as 
1111111111111111111111111111111111111111111 
11111111111111111111101b. Tliat is. each bit indi- 
cates the use of the channel of 0 to 63, and 1 is defined 

4S as used channel, 0 is defined as an unused channel. 
[0008] In order to perform the isochronous transmis- 
sion, the transmission bandwidth (corresponding to 125 
Msec) and the transmission cfiannel are secured by set- 
ting of the BANDWIDTH.AVAILABLE register and the 

50 CHANNELS_AVAILABLE register, then the cyde start 
packet is transmitted as shown in Rgure 13(a), after- 
ward the isochronous packet is transmitted after a gap 
time which is called an isochronous gap. In Figure 
1 3(a). 12 indicates the period which is called a bi^ arbi- 

55 tration period, two or wore nodes request the packet 
transmission to one bus at the same time, only one 
node can acquire the authority for the packet transmis- 
sion. 13 indicates a period which is called a data prefix 
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period, or the period after which the packet is immedi- 
ately transmitted. 14 indicates isochronous packet 
period, or the period for which the transmission data is 
transmitted. 15 indicates a period whidi is called the 
data end. it indicates that the transmission of the packet 
is ended. As shown in Rgure 13(b), the period in which 
the isochronous packet can be transmitted is about 1 00 
psec after the cyde start, or the period for which the 
packet of two or more channds can be transmitted. 
[0009] As shown in Figure 10, in this case, the second 
digital VCR is an IRM. the BANDWIDTH.AVAILABI^ 
register and the CHANNELS_AVA1LABLE regfeter are 
available to IEEE 1394 serial bus 5. Wh^ the digital 
data of the first digital VCR is transmitted to the second 
digital VCR using the isochronous transmission, the 
data transmission (dutsbing) is started after securing the 
transmission bandwidth and the transmission channel 
by the above-mentioned procedure. For instance, the 
first digital VCR and the second digital VCR are 
equipped with a physical layer which has the transmis- 
sion ability of Si 00 {jit is the transmission standard of 
98.304 Mbps in the IEEE 1394). When the bandwidth of 
40^4bps is transmitted by the channel 0. 40Vlbps corre- 
sponds to 2500d. isochronous transmission is started 
with rewriting the value of t>w_remaintng as 
0100101101111 (because 4915d-2500d = 2415d = 
0100101101111). and the 0th bit of the 
channels_available_k) as Obi 

[0010] However, the above mentioned conventional 
serial bus control apparatus can only secure the current 
transmission bandwidth and the currerrt transmission 
channel. There is no concept for time reservation of the 
transmission t>andwidth and transnnission channel. 
Therefore, when it is necessary to use the bus at certain 
period in future, it is not sure that the required transnnis- 
sion bandwidth and transmission channel is available or 
not 

[0011] Because of this, there are inconveniences in 
the serial bus control apparatus. For instance^ when 
recording a program from the set tc^ box connected 
with the bus to the digital VCR at certain time in the 
future with reservation by the timer, and if other nodes 
occupied the bus at the reserved time, the reserved 
recording by the timer can not be performed. 
[0012] Therefore, with the foregoing in mind, it is an 
object of the present invention to provide a serial bus 
control apparatus for controlling the utilization of a bus. 
which can secure a transmission bandwidth and a chan- 
nel of IEEE 1394 serial bus. at present time and future 
time. 

[0013] In ord^ to achieve the objects, a serial bus 
control apparatus of the presem invention includes a 
means for providing a table for controlling a serial bus 
which has a function for securing a transmission band- 
width for the packet to the serial bus. The tattle is a res- 
ervation control table at least indicating a reservation of 
a transmission bandwidth and a transmission channel 
which is required from time T1 until time T2. the reser- 
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vation control table is stored and controlled on a first 
register as^gned to an address space which is accesa- 
tale for reading and writing from an arisitrary node on the 
serial bus. 

5 [0014] In one embodiment the serial bus control 
apparatus of th preserrt invention preferably includes a 
first detection part to detect that the present time is the 
time T1, the time T2, or the time between T1 and T2. 
Moreover, the serial kxis control apparatus of the 

10 pr^ent invention preferably includes a rewriting part for 
rewriting a second register and a third register assigned 
to a particular address space for a particular node on 
the serial bus, which second register indicates the avail- 
able transmission t)andwidth at the pres^ time and 

75 which third register irxiicates the utilization status of the 
transmisston channel at the present time. 
[001 5] In one emtxxJiment the particular node on the 
serial bus is a node, which belongs to the serial bus 
control apparatus, and a node which includes the sec- 

20 ond register and the third register control apparatus of 
the present invention preferably includes the second 
and third registers. 

[00161 In one embodiment the serial bus control 
apparatus of the present invention preferably indudes a 
25 register providing part for providing a register for reser- 
vation control table which table is accessible for reading 
and writing from an ariaitrary node of an artaitrary bus of 
the N piece of serial buses having the same standard 
time, 

30 [0017] In accordance with the presem invention, A 
reservation management for future time using a serial 
bus for securing the transmission bandwidth and trans- 
mission channel according to IEEE 1394 can be 
achieved, which is not possible with conventional tech- 

35 nology. Moreover, the serial bus control apparatus of 
this invention is compatible with conventional systerris. 
[0018] These and other advantages of the present 
invention will become apparerrt to those skilled in the art 
upon reading and understanding the following detailed 

40 description with reference to the accompanying f igures. 

Figure 1 is a block diagram showing a serial bus 
control apparatus of Embodiment 1 of this inven- 
tion. 

45 Figure 2 is a first bit field chart showing a 
TIME_SCHEDULE register of this invention. 
Figure 3 is a bus block diagram of Embodiment 1 of 
tfiis invention. 

Rgure 4 (a) is a reservation table of Embodiment 1 
so of this invention. 

Rgure 4 (b) is a bit field chart showing 
TIME_SCHEDULE register of Embodiment 1 of this 
inverrtion. 

Rgure 5 is a register state transition diagram of 
55 EmtxxQment 1 of this invention. 

Rgure 6 is a block diagram showing a serial bus 
control apparatus of Embodiment 2 of this inven- 
tion. 
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Rgure 7 is a bus block diagram of Embodiment 2 of 
this invention. 

Rgure 8 (a) is a reservation table of Embodiment 2 
of this inverrtion. 

Rgure 8 (b) to (d) are bit field Starts showing 
TIME_SCHEDULE registers of Embodiment 1 of 
this invention. 

Figure 9 is a register state tranation diagram of 

EntxxOment 2 of this invention. 

Figure 10 is a bus block diagram of the conventional 

technology. 

Rgure 11 is a bit field chart of showing 
BANDWIDTH__AVA1LABLE register of IEEE 1394. 
Rgure 1 2 is a bit field chart of showing 
CHANNELS_AVAILABLE register of IEEE 1394. 
Rgure 13 (a) and (b) are a status charts showing an 
isochronous transmission of IEEE 1394. 
Rgure 14 is a bit field chart showing a BUS.TIME 
register of IEEE 1394. 

Figure 15 is a second bit field chart showing a 
TIME_SCHEDULE register of this invention. 

[0019] Hereinafter, the present Invention will be 
desaibed by way of errtxxjiments with reference to the 
accompanying drawings. 

(Embodiment 1) 

[0020] Rgure 1 shows a block diagram of a node 
which Includes a first preferred example of a serial bus 
control apparatus of this invention. 
[0021 ] In Rgure 1 . 101 denotes a CPU which controls 
a node. 1 02 denotes a system controller which includes 
an interface for the CPU 101, a memory 104. a timer 
1 03 and a serial bus controller 105. 105 denotes a serial 
bus controller 105 for controlling data transmission of a 
serial bus of IEEE 1394. 5 denotes a serial bus of IEEE 
1 394. By this compositton, a register which is called a 
riME_SCHEDULE register is provided to the IEEE 
serial txjs. The serial bus control apparatus of this 
invention is called as a Time Schedule Manager (here- 
inafter, referred to as TSM). The TSM composed as 
mentioned above can be built into persorial computer 3 
of Rgure 3 for instance. 

[0022] Rgure 3 shows the bus composition which 
irKsludes the node which has a serial bus controller 
(Time Schedule Manager, hereinafter referred to as 
TSM), of this invention. 

[0023] 1 denotes a first digital VCR. 2 denotes a sec- 
ond digital VCR. 3 denotes a personal computer. 4 
denotes a set top box (hereinafter, referred to as STB). 
It is assumed that the transmission ability of the physical 
layer is SI 00. 

[0024] PhysicalJD is allotted to each node based on 
the rule of IEEE1394. The physicalJD aUotted to the 
first digital VCR 1 is 3 (physical.lD = 3), the physicalJD 
allotted to the second digital VCR 2 is 1 (physicalJD = 
1). the physicalJD allotted to the personal computer 3 
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is 0 (physical_ID = 0). the physicalJD allotted to the first 
set top box 4 is 2 (physicalJD = 2). 
[0025] In ttiis exanple. the first digital VCR of 
physical JD=3 performs as an IRM. and provides the 

5 BANDWIDTH_AVAILABLE regi^er and the 
CHANNELS_AVAILABLE register to th IEEE 1394 
serial txjs. This node includes a CM function and per- 
forms the broadcast of the cycle start packet to the bus. 
[0026] The TIME_SCHEDULE register is provided to 

10 the CSR space of the personal computer 3. The suto- 
stance of the TIME_SCHEDULE register is the mOTory 
104 shown in Rgure 1. If there is a request for writing 
data to T1ME_SCHEDULE register or reading data from 
the TIME_SCHEDULE register by the serial bus cen- 
ts troller 105. the CPU 101 actually writes data to memory 
104 or reads data from menwry 104 and returns the 
result to the serial txis controlte^ 1 05. 
[0027] Rgure 2 shows an exanrtpte of the bit allotment 
of the TIME_SCHEDULE register. The register of three 

20 quadlet is defined corresponding to one tune schedules. 
The # 0 to the # M TIME.SCHEDULE register (M is an 
Integer of 0 or more) is defined in the continuous 
address to control two or more time schedule. 
[0028] In the TiME_SCHEDULE register, the upper 

25 seven bits of the quadlet are not used. The following six 
bits are physlcal^lD of the node which preserves the 
time schedule. The following six bits Indicate the chan- 
nel number which is reserved and perfomrfed with 
request_channel_number. The following 13 bits Indicate 

30 the bandwidth to be reserved by request_bw. 

[0029] The second quadlet indicates the time when 
the reservation is started and performed. According to 
the definition of the BUSJTIME register of IEEE 1394. 
the upper 25 bits are defined as the 

35 start_second_courrt_hi and the lower 7 bits are defined 
as start_second_countJa 

[0030] The third quadlet irxlicate the time when the 
reservation is ended and performed. According to the 
definition of the BUS_TIME register off IEEE 1394. the 
40 upper 25 bits are defined as the start_second„count_hi 
and the lower 7 bits are defined as 
start_second_cx)urrtJa 

[0031 ] Rgure 1 4 shows the BUS_TIME register of the 
serial bus of IEEE 1394. It Is a counter of 32 bits which 
45 counts by secorxi and can count 136 years of tima In 
the above description, the 32 bits are separated into 
second_count_hi arxl second_countJa However, the 
separation has no special meaning in this Emtsodiment 
1. 

so [0032] The initial value of the TIME_SCEDULE regis- 
ter is request_bw » 000000000000b. Other bits can 
take any value As a result. The ID number of the 
TIME_SCHEDULE register which is used for the time 
reservation can be detected. 

55 [0033] As shown In Rgure 4 (a), in order to operate 
the reserved recording from the first set top box shiown 
In Figure 3 to the first digital VCR from 6 o'clock to 18 
o'clock on October 10. when the personal computer 
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reserves 25 Mbps bandwidth by channel 1. the btt 
assignment are that 

physicaIJD = 000000b. 

request_channel__number = 000001b. s 
request.bw = 001 1000100000b. 
start_second_count_hi = 
0000000000000000010101000b. 
start_second_countjo = 1100000b. 
end_second_count_hi = io 

00000000000000001 1 1 1 1 1010b. 
stai1_second_countJo = 0100000b. 



ing time schedule by the TIME_SCHEDLUE register 
and secures the isochronous bandwidth and Iso- 
chronous channel using the BANDWIDTH__AVAILABLE 
register and the CHANNELS_AVAILABLE register at 
the time to be reserved. 

[0041] Accotding to this operation, the reservation 
management for future time can be achieved, which is 
not possible by the conventional technology. Moreover, 
the serial bus control apparatus of this invention is com- 
patible with conventional systems. 

(Embodiment 2) 



[0034] This-value is written in the T!ME_SCHEDULE 
register. To simplify explanation, in the BUS_TiME. 0 75 
o'clock of October 10 is set to as 0. 
[0035] Moreover, this reservation is set to the # 0 
TIME_SCHEDULE register and assigned bit in other 
register is request_bw=i0OO00OO0O0O00b. Therefore, 
other time reservation is not set. 20 
[0036] Moreover, before reservation, the node per- 
forming reservation reads out all TIME_SCHEDULE 
registers and corrfirms that necessary bandwidth and 
channel are available or not at the time to be reserved. 
If necessary bandwidth and channel are available at the 25 
time to be reserved, the reserved recording can be set. 
[0037] Rgure 5 shows the change in tiie 
BANDWIDTH_AVAILABLE register and tiie 
CHANNELS.AVAILABLE register of IRM of the reser- 
vation mentioned above. 30 
[0038] The values of these registers for between 0 
o'clock and 6 o'clock on October 10 are the initial val- 
ues. In this Embodiment 1 , the channels_ava)lable_hi 
which is the upper 32 bits of the 
CHANNELS_AVAILABLE register is not descrtoed 35 
because it has not been changed from the initial value. 
The barKiwtdth of 25Mbps is used by channel 1 for 
between 6 o'clock and 18 o'clock on October 1 0. tiie iso- 
chronous transmission is started with rewriting the 
bw_remaining as (1001 1001 1001 lb - 001 1000100000b 40 
=) 01101000110011b. and the channels_availableJo 
as 11111111111111111111111111111101b. Rewriting 
of tiiese two registers can be performed by any node on 
the bus. It is not necessary that the node of physical.lD 
= 000000b performs the rewriting. 4S 
[0039] After 1 8 o'clock on October 1 0. the txis is used. 
Therefore, the BANDWIDTH_AVAILABLE register and 
the CHANNELS.AVAILABLE register are returned to 
the initial value. Wh^ the reserved time is over. 
request_bw of the conresponding TIME_SCHEDULE so 
register should be reserved to 0000000000000b 
[0040] According to the above mentioned prefened 
Embodiment 1 , the serial bus control apparatus of this 
invention includes a BAN DWIDTH_AVAI LAB LE register 
and a CHANNELS_AVAILABLE register controlled by 55 
the IRM as well as TIME_SCHEDLUE register of the 
TSM of the present invention. The serial bus control 
apparatus controls the reservation information regard- 



[0042] Hereinafter. Embodiment 2 of the present 
invention will be described with reference to the accom- 
panying drawings. 

[0043] Rgure 6 shows a block diagram of a serial bus 
bridge as a serial Ixis control apparatus induing plural 
of serial buses having the TSM of Embodiment 2 of this 
invention. In Rgure 6. 101 denotes CPU, which controls 
a node. 102 denotes a system controller which indiKles 
an interface for the CPU 101. a memory 104, a timer 
103 and a serial bus controller 105, 106 and 107. Each 
105 to 107 derKites a serial bus controller for controlling 
data transmission of a serml bus of IEEE 1394. 5 
denotes a serial bus of IEEE 1 394. By this composition, 
a register which Is called a TIME.SGHEDULE register 
is provided to the IEEE serial bus. Normally, it is better 
that the txjs bridge acts as IRM for each bus. Therefore, 
the BANDWIDTH.AVAILABLE register and the 
CHANNELS.AVAILABLE register to be provided to 
each bus are equipped. Two or more knises are con- 
nected and perform using the above described bus 
bridge in which TMS is equipped. 
[0044] Rgure 7 shows the bus composition which 
includes the plural bus connected via bus bridge having 
the serial bus controUer (TSM) of this invention. 1 
denotes a first digital VCR, 2 denote a second digital 
VCR. 3 denotes a personal computer. 7 denotes a first 
digital television s^ (hereinafter, refen-ed to as TV). 
These nodes are connected to the serial bus whose 
BUSJD is 0 (BUSJD = 0). and connected to the bus 
bridge 10. 6 denotes a tiiird digital VCR and 4 denotes 
a first STB. These nodes are connected to the serial bus 
whose BUS_ID is 1 (BUSJD = 1). and connected to the 
bus bridge 10. 8 denotes a second STB. and 9 denotes 
a printer. These nodes are connected to the serial bus 
whose BUS_ID is 2. and connected witii bus bridge 10. 
It is assumed that the transmission ability of the physical 
layer of each txjs is Si 00. 

[0045] Phy8k;al_ID is allotted to each node of buses 
based on tiie rule of 1EEE1394. Regarding the BUSJD 
= 0. the physical.lD allotted to the first digital VCR 1 is 
3 (physicalJD = 3). the physical.lD allotted to the sec- 
ond digital VCR 2 is 1 (physicalJD = 1 ). the physicalJD 
allotted to the personal computer 3 is 0 (physicaLID = 
0). the physicalJD allotted to the k^us bridge 10 is 4 
(physicalJD = 4). Regarding the BUSJD = 1. tine 
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physcalJD allotted t the third digital VC 1 is 1 
(physicaJ_ID = 1). the physical JD all tted to the first 
STB 4 is 0 (physical_ID = 0), the physicalJD allotted to 
the bus bridge 10 is 2 (physical_ID = 2). Regarding the 
BUSJD = 2, the physical_ID allotted to the second STB 
8 is 1 (physical_ID = 1), the physical^lD allotted to the 
printer 9 is 0 (physicalJD = 0). the physic€il_ID allotted 
to the bus bridge 10 is 2 (physicalJD = 2). 
[0046] In this exanple. the bus bridge 10 becomes 
CM, IRM, and TSM In order to achieve the cyde syn- 
chronization of each bus and to control the plural buses 
effidentiy. That is, synchronization is taken respectively 
for each bus, the cyde start packet is broadcasted, and 
the independent BANDW)DTH_AVAILABLE regi^er. 
CHANNELS_AVAILABLE register and 

TIME_SCHEDULE regista* are provided to each bus. 
The substance of each register provided to each bus is 
a memory 104 shown in Rgure 6. If there is a request 
for writing data to each regista* or reading data from 
each register by the serial bus controller 105 - 107. the 
CPU 101 actually writes data to memory 104 or reads 
data from memory 104 and returns the result to the 
serial bus controller 105 - 107. 
[0047] An example of the bit alkstment for each regis- 
ter can be the same as Embodiment 1 . 
[0046] As shown in Rgure 8 (a), in order to operate 
the reserved recording from the first set top tax shown 
in Figure 6 to the third digital VCR from 6 o'clock to 18 
o'clock on October 10. when the first STB reserves 25 
Mbps bandwidth by channel 0, data transmission is per- 
formed on the bus whose BUSJD is 0 (BUSJD = 0). 
data Is written in the TIME_SCHEDULE regi^er of the 
TSM# 1 of the BUSJD = 1. 

[0049] In this case, as shown in Figure 8 (c) #0, the bit 
assignments are that 

physical.tD => 000000b. 
request_channel_nuniber s 000000b, 
request.bw = 001 1000100000b, 
start_second_courTt_hi = 
00000000000000(X3010101000b. 
start_secorxJ_countJo = 1100000b. 

end_second_count_hi=t00000000000000001 1111 
1010b. 

start_second__countJo = 0100000b. 

These values are written in the TIME_SCHEDULE reg- 
ister of TSM #1 . The same as Embodiment 1 . to simplify 
the explanation, in the BUS_TIME. 0 o'dock of October 
10 is set too. 

[0050] Next, According to Rgure 8(a). the recording 
reservation is performed from the second STB shown in 
Rgure 6 to the first digital VCR from 12 o'clock to 24 
o'dock on October 1 0. The seccand STB is a node of the 
bus whose BUSJD = 2. and the first digital VCR is a 
node of the bus whose BUSJD = 0. Therefore, data is 
transmitted over two buses. Th^efore. data is written in 



the TIME_SCHEDULE register of each HAS of 
BUSJD=2 and BUSJD=0. In this case, reservation to 
each bus with transm^ion bandwidth 50Mbps and 
channel 0 is set 

5 [0051] tt is possitsle to set reservation using channel 0 
of tiie txis whose BUSJD=0 and BUS_ID=2 which are 
available from 12 o'dock to 18 o'clock though the chan- 
nel 0 of tfte bus whose BUSJD=:1 has already been 
used. In this case, data are written in # 0 of the table (d) 

TO and # 0 of the table (d) shown in Rgure 8. 

[0052] When tiie second STB n^ikes the reservation, 
the value of the T1ME_SCHEDULE register of the TSM 
# 2 will be rewritten in order to reserve the bus whose 
BUS_ID is 2. The bit assignments are that 

IS 

physicalJD » OOOOOIb^ 
requesl_channel_number=0OOO0Ob. 
requesl_bw=01 lOOblOOOOOOb. 

20 start_second_count_hi=0000000000000000 10101 
0001b. 

start_second_courrtJo=s10C0000b, 

end_second_count_hi=0000OO0000000001 01 010 
25 0011b. 

start__second_countJo=0000000b. 

[0053] The value of the TIME_SCHEDULE register of 
the TSM # 0 will be rewritten in order to reserve the bus 
30 whose BUS_iD is 0. The bit assignments are that 

physicalJD = 000100b, 

request_channe!_number = 000000. 

request.bw = 01 lOOOIOOOOOOb. 
35 start_second-count_hi 

0000000000000000 1 0 1 0 1 000 1 b. 

start_second_countjo = 1000000b. 

end_second_oount_hi a 

O00000OO000O00O1O1O1O0O1 lb. 
40 start_second_countJo = OOOOOOOb. 

[0054] In this case, because the node of another bus 
has made reservation to TSM #0 through the bridge, the 
physicalJD of the bridge of BUS^IDsO is written to the 
45 bit field for physicalJD. In this case, 
physicalJE3=000100b. 

[0055] In addition, according to Figure 8(a), the 
recording reservation from the first STB shown in Rgure 
6 to the secorKl digital VCR is perfomied from 1 2 o'clock 

50 October 10 to 6 o'clock October 11. In this case, data 
are transmitted over the bus of which BUSJD=1 and 
the bus of which BUS_1D = 0. Because channel 0 has 
already been reserved by both bus whose BUSJD=1 
and bus whose BUS_ID=0. it is necessary to reserve 

55 other channels. In the above description, channel 1 is 
selected as a reserved channel because channel 1 in 
both the bus whose BUSJDsO and the tsu& whose 
BUSJD=1 is available, another channel can be 
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selected if it is available in bath buses. 
[0056] In this case. # 1 in Figure 8(c) and # 1 in Rgure 
8(b) are selected for writing. The register for the 
TIME_SCHEDULE register can be selected from 
unused available registers (register whose request_bw s 
= 0000000000000b). In the above description, register 
# 1 is selected. 

[0057] When the first STB makes the reservation, the 
value of the TIME_SCHEDULE regi^er of the TSM # 1 
wiD be rewritten in order to reserve the bus whose 
BUSJD ts 1 . The bit assignments are that 

physicalJD - 000000b. 
request_ch£tnnel_number = 000001b, 
request_bw=000O01 01111 00b. 
start_second_count_hi = 
00000000000000001 01 01 0001 b. 
start_second_countJo = 1000000b, 
end_second_count_hi = 
OOOOOOOOOOOOOOO 1 1 01 001 0 1 1 b. 
start_second_countJo = 1 100000b. 

[0058] The value of the TIME_SCHEDULE register of 
the TSM # 0 will be rewritten in order to resen/e the bus 
whose BUS.ID - 0. The bit assignments are that 

physicalJD = 000100b, 
request_channel_number = 000001b, 
request_bw = 00000101 1 1 100b, 
start_secorxJ_courtt_hi = 
0000000000000000 10101 0001b, 
start_second_countjo « 1000000b. 
end_second_count_hi = 
0000000000000001 101001011b. 
start_second_coumjo = 1100000b. 

[0059] In this case, because the node of another bus 
has made reservation to TSM #0 through the bridge, the 
physicalJD of the bridge of BUSJD=0 is written to the 
bit field for physical_ID. In this case, 
physical JD=0001 00b. 

[0060] The same as Embodiment 1 . when a node 
makes reservation, the node reads out values of all 
TIME_SCHEDULE register of buses for reserving the 
bandwidth and confirms whether the necessary band- 
width and necessary channel remains or not. When the 
necessary bandwidth and necessary channel remains, 
the node can make reservation. Thus, three kinds of 
reservations shown In Figure 8(a) are performed conv 
pletely. 

[0061] Rgure 9 shows the change in the 
BANDWIDTH_AVAILABLE register and the 
CHANNELS_AVAILABLE register of IRM #0 to #2 by 
the atX3ve mentioned reservation. The value of these 
registers between from 0 o'clock to 6 o'clock on October 
10 remains as the initial values. In this EmtKxJiment 2, 
because the channels_available_hi which is the upper 
32 bits of the CHANNELS_AVAILABLE register has not 



been changed and remains as initial value, it is not 
described. 

[0082] In the txis whose BUS_ID := 1 . the bandwidth 
of 25Mbps is used by channel 0 between from 6 o'clock 
to 18 'clock on October 10, the isochronous transmis- 
sion is started with rewriting the bw_remaining as 

(1001100110011b - 0011000100000b =) 
01101000110011b. and 

the channels.availablejo as 

1111111111111111111111111111110b. 

Rewriting of this two register can be performed by any 
node on the bus. It is not necessary tNit the node of 
physicalJD => OOOOOOb performs the rewriting. Moreo- 
ver, because the iaus bridge is a node which has both 
the function of TSM and IRM, the node can perform reg- 
ister bit field rewritng automatically by dating the 
reserved time arrival by CPU 101 with the built in clock 
103. 

[0063] Between from 1 2 o'clock to 1 8 o'clock on Octo- 
ber 1 0, in order to use 50Mbps bandwidth t>y channel 0 
between the bus whose BUS_ID = 2 and the bus whose 
BLIS_ID = 0. and to use 3Mbps tsandwidth by channel 1 
between the bus whose BUS^ID = 1 and the bus whose 
BUS_ID = 0. the isochronous transmission is started 
with rewriting the register of the IRM #0 as 

bwjemaining = 1001100110011b- 

01 1 000 1 0OOOOOb-OOOO0 1 01 1 1 1 00b 
0011000110111b. 
channels_availableJo 
11111111111111111111111111111100b, 
rewriting the register of the IRM #1 as 
bw_remaining = 011010001001113- 

00000101 1 1 1 00b = 01 100010101 1 1b. 
channels_availableJo = 
11111111111111111111111111111100b, 
rewriting the register of the IRM #2 as 
bw_remaining = 1001100110011b- 

0110001000000b = 00110111 10011b. 
channels_available_k) = 
11111111111111111111111111111110b. 

Rewriting of these registers can be performed by any 
node on the bus. It is not necessary that the node which 
had made reservation performs the rewriting. Moreover, 
because the bus bridge is a node which has both the 
function of TSM and IRM, the node can perform register 
bit field rewriting automatically by detecting the 
reserved time arrival by CPU 101 with the built in dock 
103. 

[0064] Between 18 o'clock to 24 o'clock on October 
10, the recording from the first STB to the third digital 
VCR performed on the t>us whose BUSJD = 1 is fin- 
ished. At this time, it is necessary to release channel 0 
which was used for 25Mbps k>andwidth transmi&sion. 
Therefore, the bit field of the register of the IRM #1 



75 



20 



25 



30 



35 



40 



46 



50 



7 



13 



EP 0 921 472 A2 



14 



should be rewritten as 

the bw_remaining = 01 100010101 lib + 
001 1000100000b =» 1001001110111b, 
channels_availableJo = 
11111111111111111111111111111101b. 

Moreover, becaiise the reservation time ended, it is 
necessary to release the TIME_SCHEDULE register of 
TSM #1 . Because this was written in Figure 8(c) #0. the 
request_k»v should be rewritten as 0000000000000b in 
order to enable other nodes to use this register. Rewrit- 
ing of these registers can be performed by any node on 
the bus. It is not necessary that the node which had 
made reservation performs the rewriting. Moreover, 
because the bus bridge is a node which has t>oth the 
function of TSM and IRM. the node can perform register 
bit field rewriting automatically by detecting the 
reserved time arrival by CPU 101 with the built in clock 
103. 

[0065] Between 0 o'clock to 6 o'clock on October 1 1 , 
the recording from the second STB to the first digital 
VCR performed between the bus whose BUSJD s 2 
and the bus whose BUSJD = 0 is finished. At this time, 
it is necessary to release channel 0 which was used for 
50Mbps bandwkfth transmission. Ther^re, the bitfield 
of tiie IRM #0 should be rewritten as 

k)w_remaining = 0011000110111b + 

01 10001000000b = 1001001 1 101 1 lb, 

channels_avai!ableJo = 

11111111111111111111111111111101b, 

the bitfietel of the IRM #2 should be rewritten as the 

bw_remaining = 001 101 1110011b + 

01 10001000000b = 1001 1001 1001 Ibi 

channels_availableJo=111111111111111111111 
1111111111b. 

Moreover, because the reservation time ended, it is 
necessary to release the TIME_SCHEDULE register of 
TSM #2 and TSM #0. Because this was written in Figure 
8(d) #0 and Rgure 8(b) #0. the request.bw should be 
rewritten as 0000000000000b in order to enable other 
nodes to use this register. Rewriting of these registers 
can be performed by any node on the bus. It is not nec- 
essary that the node which had made reservation per- 
forms the rewriting. Moreover, because the bus bridge is 
a node which has both the function of TSM and IRM. the 
n de can perform register bit field rewriting automati- 
cally by detecting the reserved time arrival by CPU 101 
with the built in clock 103. 

[0066] Alter 6 o'clock on October 11. the recording 
from the first STB to the second digital VCR performed 
between the bus whose BUSJD = 1 and the bus whose 
BUS.ID = 0 is finished. At tiiis time, it is necessary to 
release channel 1 which was used for 3Mbps bandwidth 
transmission. Therefore, the bit field of the IRM W 



should be rewritt&i as ttie bw_remaining = 
1001001110111b + 0000010111100b 
1001100110011t>, channels_availat3leJo 
11111111111111111111111111111111b, the bit field 
5 of the IRM #1 shouki be rewritten as 

bw_reniaining » 1001001110111b + 
00000 lOtl 1 1 00b s 100 11 001 1001 1 b, 
channels_availat)leJo = 
w 1111 11 111 11 111111111111111111 lllbi 

Moreover, because the reservation time ended, it is 
necessary to release the TIME_SCHEDULE regjst» of 
TSM #1 and TSM #0. Because this was written in Rgure 

15 8(c) #0 and Figure 8(b) #0. the request_bw shouki be 
rewritten as 0000000000000b in order to enable other 
nodes to use this register. Rewriting of these registers 
can be performed by any node on the bus. It is not nec- 
essary that the node which had nriade reservation per- 

20 forms the rewriting. Moreover, because the bus bridge is 
a node which has both the function of TSM and IRM. the 
node can perform register bit field rewriting automati- 
cally by detecting the reserved time arrival by CPU 101 
witii the built in ck>ck 103. 

25 [0067] According to the atxive mentioned preferred 
Embedment 2, the serial bus control apparatus of this 
inverrtion includes BANDWIDTH_AVAILABLE registers 
and CHANNELS.AVAILABLE registers controlled by 
the IRM as well as TIME.SCHEDLUE register of the 

30 TSM of the present inventk>n. The serial bus control 
apparatus controls the reservation information regard- 
ing time schedule by the TIME_SCHEDLUE register 
arxi secures the isochronous bandwidth and iso- 
chronous channel using the BANDWIDTH_AVAILABLE 

35 register and the CHANNELS_AVA1LABLE register at 
the time to \ob reserved. 

[0088] According to the operation, the reservation 
management for future time can be achieved, which is 
not possible with conventional technology. Moreover, 

40 the serial bus control apparatus of this invention is com- 
patible with conventional systems. The 
TIME_SCHEDULE register off this Embodiment does 
not prepare the bit for describing BUS_ID of the node 
which made reservation, BUSJD can be added as 

46 shown in Rgure 15 in order to control. 

[0069] In the case where a conventional node, which 
does not correspond to the TSM of the present inven- 
tion, is connected to tiie bus of the presern invention, 
tiiere are problems in that the conventional node 

50 reserves the transmission bandwidth and the transmis- 
sion channel for IRM without reservation registration in 
the T1ME_SCHEDULE register and starts the iso- 
chrorx}us packet transmission. Another problem is that 
tiie conventional node releases the transmission band- 

55 width arxl the transmission channel for IRM without can- 
celing the reservation for the T1ME_SCHEDULE 
register. 

[0070] In order to prevent these problems, it is neces- 
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sary to prohibit the conventional node to access the IBM 
and TSM. These problen^ will be sotved if the node 
which corresponds to TSM of this invention perfornns 
the reservation and cancellation for bandwidth and 
channel to IRM and TSM, and the conventional node s 
performs the actual isochronous packet transnrtissic»i. 
However, in the case that the conventional node, which 
does not know the existence of the TSM of the present 
invemion. performs the access for IRM independently 
and transmits isochronous packet without registraticvi to io 
TSM, for example, in Rgure 8(a) » the 40 Mbps iso- 
chronous transmis^on from the first conventional rrode 
to the second conventional node without reg^ertng 
TSM, it Is impossible to start the reserved 50 Mbps 
transmission from 12 o'clock on October 10 because of 75 
available bandwidtii overflew. In this case, the operation 
of the conveitional node should be stopped for stopping 
the 40 Mbps transnrnssion in order to recover the status 
of the system as the normal status. 

[0071] It is also possible to solve the problems k>y 20 
stoppirrg the reserved 50 Mbps transmission from 12 
o'clock. 

[0072] What measures should be taken for these 
problems is selected fc>y system application with consid- 
eration of the priority and the appropriate count^meas- 2S 
ure that should be performed. 

[0Q73] Moreover, the serial bus of IEEE 1394 is used 
in the atx3ve descnl^ed Embodiment, other kxjses are 
acceptable if that can perform transmission by which the 
transmission bandwidth is secured. 30 
[0074] The invention may be embocfied in other forms 
without departing from the spirit or essential character- 
istics thereof. The emisodiments disclosed in this af^li- 
cation are to be considered in all respects as illustrative 
and not limitative, the scope of the invention is indicated 35 
by the appended claims rather than by the foregoing 
description, and all changes vfb\ch come within the 
meaning and range of equivalency of the claims are 
intended to be embraced therein. 

40 

Ciainns 

1 . A serial bus control apparatus corrprising: 

a means for providing a table for controlling a 4S 
serial bus which has a function for securing a 
transmission bandwidth for a packet to the 
serieU bus: 

wherein the table is a reservation oorrtrol taksle 
at least indicating a reservation of a transmis- so 
sion t>andwidth and a transmission channel 
which is required from time T1 until time T2, the 
reservation control table is stored and control- 
led on a first register assigned to an address 
space which is accessjt>le for reading arKi writ- ss 
ing from an arbitrary node on the serial bus. 

2. The serial bus confol apparatus according to claim 



1. further conrtprsing a first detection part to detect 
that a present tim is the time T1 , the time T2, or 
time between T1 and T2. a rewriting part for rewrit- 
ing a second register and a third register as^gned 
to a particular acbiress space for a particular node 
on the serial bus. which second register indicates 
availatde transmission bandwidth at present time 
and which third register indicates utilization status 
of the transmission channel at present time. 

3. The serial bus control apparatus accorc£ng to daim 
2 wherein 

the particular node on the s^ial bus is a node, 
whidi belongs to the serial bus control appara- 
tus, and a node which includes the second reg- 
ister and the third register. 

4. The serial bus control apparatus according to any 
one of claims 1 to 3, further comprising a register 
providing part for providing a register for reservation 
control table which table is accessible for reading 
and writing from an arbitrary node of an art»trary 
bus of an N piece of serial buses having a same 
standard time. 
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